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Based on population genomic and phylogeographic analyses of 1669 Mycobac-
terium tuberculosis M.tb Lineage 4 (L4) genomes, we find that dispersal of L4
has been completely dominated by historical migrations out of Europe. We
demonstrate an intimate temporal relationship between European colonial ex-
pansion into Africa and the Americas and the spread of L4 tuberculosis (TB).
Strikingly, in the age of antibiotics, mutations conferring antimicrobial resis-
tance (AMR) overwhelmingly emerged locally (at the level of nations), with
minimal cross-border transmission of resistance. The latter finding was found
to reflect the relatively recent emergence of these mutations, as a similar degree
of local restriction was observed for susceptible variants emerging on compa-
rable time-scales. The restricted international transmission of drug resistant
TB suggests that containment efforts at the level of individual countries could
be successful.
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Introduction
Tuberculosis (TB) takes more lives than any other infectious disease. Global TB burden has
declined slowly over the last decade but the rise of antimicrobial resistance (AMR) constitutes
a significant obstacle to TB-control in the absence of an effective vaccine. In recent years, a
number of attempts have been made to reconstruct the evolutionary history of Mycobacterium
tuberculosis (M.tb) and its association with humans. One genome-based study hypothesised
that M.tb spread out of Africa together with early humans (1), whereas a later study, employing
ancient DNA samples for temporal calibration, suggested a far younger most recent common
ancestor (MRCA) of extant M.tb 4,000-6,000 years ago (2). Among seven recognized M.tb
lineages, lineage 4 (L4) is the most widely dispersed, affecting humans across the world. Here,
relying on a collection of 1,669 L4 genomes, including hundreds of novel genomes from the
Americas, we set out to reconstruct the migration history of L4 and assess the impact of mi-
gration on the spread of AMR. We find that repeated sourcing from Europe has been the main
driving force for the global expansion of L4, with intense dispersal to Africa and the Americas
concomitant with European colonizing efforts ca 1600-1900 CE. We also find that the rise of
multidrug-resistant TB (MDR-TB) in recent decades is overwhelmingly a local phenomenon,
in the sense that resistant clones have emerged repeatedly in a wide variety of locations, while
migration of resistant strains seems to have played a marginal role in shaping the observed L4
AMR landscape.
Results and Discussion
In total, 1669 genomes representing clinical M.tb isolates from 15 countries were included in
the study (Fig. 1). After down-sampling of densely sampled outbreaks (Materials and Meth-
ods), 1205 isolates remained. To get an overview of global patterns of genomic diversity and
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strain distribution, we assigned each genome to a sub-lineage based on the Coll scheme (3)
and mapped the sub-lineage annotations on the temporal phylogeny (Fig. 1). Generally, sub-
lineages were found to be widely dispersed, but clear patterns of geographic structure are dis-
cernible, as noted by Stucki et al (4): L4.5 was restricted to South East Asia (Vietnam), whereas
L4.3 (also termed LAM) was underrepresented in the country (Fig. 2). We also observed early,
distinct splits within sub-lineages 4.2 and 4.4; L4.2 consists of a Vietnamese cluster nested
within the otherwise strictly European sub-lineage, whereas an early branching event separates
L4.4 into two clades, one exclusively detected in Vietnam and the other global in its distribution.
To assess the overall L4 diversity as a function of geography, we investigated the distribu-
tions of pair-wise SNP differences in countries where sampling was deemed to be sufficiently
dense and representative (Fig. 2). Russia, the Netherlands and Vietnam were characterized by
the highest diversity in circulating L4 strains, both in terms of median pairwise distance and
Simpson’s diversity (which also takes sub-lineage distribution into account). Comparing the
patterns of diversity in Malawi and Vietnam, representing large collections from Karonga dis-
trict and Ho Chi Minh City, respectively (5,6), the SNP-distance distributions indicate more on-
going transmission of L4 in Malawi (where pronounced peaks in the lower tail of the pairwise-
distance distribution is visible) relative to Vietnam.
Next we performed analyses to formally assess the phylogeographic history of L4. We em-
ployed both discrete trait analyses (DTA) (7) and Bayesian structured coalescent approximation
(BASTA) (8)). For both analyses a temporal phylogeny inferred with Beast 1.8.4 (9) was used
as an input tree and sampling location used to assign samples to one of five regions: Europe,
Africa, South East Asia, South America and North America (Russian isolates were assigned
to Europe, since all isolates were sampled West of Ural, in accordance with UN geoschemes.)
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The L4 MRCA was estimated to have existed around 1096 CE [95% HPD: 955-1231] (Supple-
mentary Materials). Applying DTA, the geographic location of the MRCA was estimated to be
Europe with high confidence (posterior probability=0.92).
BASTA initially placed the root location in South America, which in light of the estimated
age of L4 is highly unlikely, and also necessitated migration events to the Old World in the
centuries immediately preceding the Columbian discovery of the Americas. We thus performed
individual analyses with the root location forced to be either of the three Old World continents
to which our samples belonged. In these analyses, a European root location was overwhelm-
ingly favored (Materials and Methods). The resulting migration matrices estimated by DTA and
BASTA were largely concordant (Fig. S5), both methods inferring Europe as playing a pivotal
role in the global dispersal of L4. The central role of Europe in the global expansion of L4 was
most pronounced in the BASTA inferences, where out-of-Europe migration was found to be
almost singlehandedly responsible for the current geographic range of L4 (Fig. 3A). However,
”Europe” should not be interpreted in the strict sense, and probably captures interactions in the
Middle ages with West Asia and North Africa as well. Thus our study does not contradict an
origin around the Mediterranean as suggested in a recent study (10).
To investigate the migration history of L4 in a temporal context, we analyzed the inferred
load and direction of migration over time (see Materials and Methods). As it was clear that out-
of-Europe migrations were the overwhelming driver of global L4 range expansion (Fig. 3A),
we illustrate migration from Europe to the other continents through time in Fig. 3B. In parallel,
we analyzed migration events within the receiving continents to get a picture of the relative
importance of import versus intra-continental transmission (Fig. 3C).
Our phylogeographic analyses suggest that the first waves of L4 migration out of Europe
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were in an eastward direction, with the first migration to South East Asia (represented by Viet-
nam) estimated to the beginning of the 13th century. Here, local populations were quickly
established, and internal transmission became dominant by the late 16th century (Fig. 3C).
These observations fit well with the observed population structure of the Vietnamese isolates
(Fig. 1) and the high diversity observed within the country (Fig. 2). Present-day Vietnam was
part of a large French colony termed French Indochina from the late 19th century onwards.
France was not among the sampled countries in the current study, but focusing on the Nether-
lands, the most proximal, sampled country, we identified a number of nodes with Vietnamese
and Dutch descendants only, the first dated to 356-426 years before present (95% HPD), fol-
lowed by six nodes with 95% HPDs from 114 to 269 years ago. These date ranges fit well with
known French-Vietnamese interactions, starting with the arrival of the missonary Alexandre de
Rhodes in the 1627 (11) followed by French military expansion from the mid 19th century and
the formation of French Indochina in 1887.
The next waves of migration were directed towards Africa, with the earliest introduction
among the sampled countries inferred in the present-day Republic of Congo (Congo-Brazzaville)
in the 15th century and subsequent introductions to South Africa, Uganda and Malawi (South-
ern and Eastern Africa) from the late 17th century. The early introduction in Congo is likely
a result of the relatively proximity of Congo-Brazzaville to the West African territories which
were first to interact with European explorers. In contrast to what we observed for South East
Asia, repeated sourcing from Europe seems to have been more important than local transmission
until the 19th century (Fig. 3C). These findings closely mirror the European colonial history in
Africa south of the Sahara, with early Portuguese forts and trading posts established on the Gold
Coast (present day Ghana) in 1482, followed by an ever increasing European presence and in-
fluence in African coastal regions over the next centuries. Finally, this culminated in an all-out
6
land grab termed the ”scramble for Africa” in the late 19th century, placing vast portions of the
African continent under European control in the form of colonies. Our findings thus suggest an
intimate relationship between European colonial expansion and the spread of L4 tuberculosis
on the African continent. The main form of internal African migration in this time period was
connected to the expansion of the Zulu Empire under Shaka (18161828) which forced fleeing
tribes to migrate north and eastwards. This appears to have been less important in the spread of
L4, but internal nodes with descendants in Congo, Uganda and Malawi dated to the 18th-20th
century point to secondary transmission-routes through internal African migration.
The three earliest migration events to the Americas were inferred to have occurred between
1466 and 1593 to South America and between 1566 and 1658 to North America. These mi-
gration events occurred along long branches of the phylogeny, so the exact timing cannot be
established. The estimates do however suggest that Europeans brought TB to South America
relatively soon after the arrival of Europeans on the continent in 1492. An abrupt increase in
the flow of L4 into South America is seen from the turn of the 17th century (Fig. 3). Bone
pathology and lesions identified in human remains suggest that TB in the Americas might have
pre-dated European contact (12), but convincing molecular evidence is limited to the identifi-
cation of M. pinnepedii infection (a M.tb complex-member generally restricted to seals and sea
lions) in skeletal samples from a Peruvian coastal settlement (2). As the original human colo-
nization of the Americas pre-dates the likely age of the M.tb MRCA (2) by a large margin, the
most parsimonious interpretation is that whilst animal strains were in circulation in some Native
American human populations, M.tb sensu stricto was introduced to the Americas by European
colonists and followed by continued influx of L4 with subsequent waves of European migrants.
The near complete dominance of L4 in South America (13) also supports this notion.
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Despite the massive and relentless import of TB, we find that the establishment of detectable
local transmission was delayed in South America relative to Africa and South East Asia (Fig.
3), which might reflect the massive decline of native populations following European contact.
Infectious diseases caused severe die offs of native populations following the arrival of Euro-
peans (14). The toll taken by infectious disease epidemics in Native Americans is ascribed to
their vulnerability to a number of pathogens introduced by Europeans, and was likely exacer-
bated by widespread societal collapse and famines. The near wholesale replacement of native
Americans with Europeans and African slaves in many regions (14) might explain the delayed
imprints of local TB transmission in our phylogeographic analyses. A figure including migra-
tion over time to both North (relatively sparsely sampled after down-sampling of outbreaks) and
South America is included in Fig. S6.
The phylogeographic analyses also allowed us to shed light on the history of specific strains
of interest. In South Africa, the KZN strain is responsible for a devastating epidemic of XDR-
TB (15,16). We find that the ancestor of the KZN strain was dispersed with Europeans to South
Africa about 130 years ago (Fig. 3B). In the same period, about 100-150 years ago, there were
independent introductions of a closely related strain from Europe to Latin America, providing
context to the observation by Lanzas et al. that strains closely related to the KZN strain are
driving an MDR-TB outbreak in Panama (17).
Another interesting finding concerns the RdRio clade, originally identified as a major cause
of TB in Brazil (18), but later identified at moderate to high frequencies also in Portugal, the
US and beyond (19, 20). Our results suggest that the RdRio clade originated in Europe around
350 years ago, followed by multiple introductions to Africa and the Americas from around 250
years ago. To investigate this clade in more detail, we extracted the RdRio subtree from the full
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L4 phylogeny and performed an independent phylogeographic analysis. This analysis indicated
Iberia as a likely origin of RdRio, followed by early expansions to Atlantic South America, Peru
and South-East Africa (Fig. S7).
Furthermore, we find that the ancestors of two major MDR-outbreak strains in Argentina,
M (21) and Ra (22), were both introduced to South America around 200 years ago. The L4
DS6Quebec clade is common among Aboriginal populations in Ontario, Saskatchewan and Al-
berta as well as French Canadians in Quebec. As substantial contact between these populations
was limited to the period of 1710 to 1870 (23), this provides a useful interval against which to
test our temporal inferences. Our analyses places the MRCA of DS6Quebec in Canada in 1788
[95% HPD: 1739-1827], well within this interval. The inferred timing of L4 migration to Africa
and the Americas fits remarkably well with the known history of European colonization of the
continents. A summary of the direction, intensity and timing of L4 migration is included in Fig.
3.
For clonal, non-recombining organisms such as M.tb, the identification of homoplasic mu-
tations is a powerful way to identify targets of selection (24). We identified a total of 733
mutations that had emerged more than once in the L4 dataset. As expected, the top-scoring
genes included a number of known AMR genes (dataset S02). Intriguingly, we also identified
a handful of promoter and non-synonymous genic mutations (codons 3 and 253) in the lactate
dehydrogenase gene lldD2, that had evolved indepedently >100 times. A recent study demon-
strated that lldD2 is important for M.tb replication within human macrophages by enabling the
bacillus to utilize lactate as a carbon source (25). A screen for positive selection in a smaller
dataset covering M.tb lineages 1-6 (26) found that the codon 3 mutation had emerged indepen-
dently in lineages 1,2 and 4 whereas the codon 253 mutation had emerged repeatedly in L4 and
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was present in all but a single L2 isolates. In L4, we find that lldD2 mutations started emerging
well before the age of antibiotics (Fig. S9) and have emerged across all continents (Dataset
S3), suggesting parallel local adaptation, most likely to broad changes in host ecology. Finally,
we assessed the transmissibility of clades with and without lldD2 mutations, both in terms of
number of descendants per node age and in terms of transmission across country borders (see
supplementary text). These analyses suggested that there were indeed differences between the
groups, and that strains harboring lldD2 promoter mutations carry a significant benefit in terms
of transmissibility.
The most serious challenge to TB control efforts is the rise of AMR, which is threatening to
reverse the moderate decrease in TB burden obtained over the last decade (27). In order to inves-
tigate the role of migration in the spread of AMR, we mapped the time and location of resistance
emergence by mapping known resistance mutations on the temporal phylogeny. For clarity, we
only included genes relevant for the multi- and extensive- drug resistance definitions (MDR-
TB: resistance to isoniazid [INH] and rifampicin [RIF]; XDR-TB: MDR-TB with additional
resistance to fluoroquinolones [FLQ] and one of the injectable drugs kanamycin, amikacin or
capreomycin). As the major mutations responsible for kanamycin, amikacin and capreomycin
resistance are largely overlapping, we refer to this group as KAN resistance mutations. The
stacked bar chart summarizing the inferred timing of individual resistance emergence events
(Fig. 4, top panel) indicates a gradual increase in AMR emergence rate from the 1960s till the
late 1990s, after which a plateau is reached. In line with an earlier global study of AMR in
M.tb (28), we find that MDR-TB has emerged repeatedly and independently across geographic
regions (Fig. 1).
In fact, when extracting the geographic location of isolates descending from resistance-
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nodes (i.e. inherited resistance), we did not identify a single instance of a resistant strain cross-
ing country borders. To understand the underlying cause of this observation, we first investi-
gated whether this reflected a decrease in transmission-fitness of resistant strains (see Materials
and Methods). This analysis did not indicate any decrease in transmissibility of resistant strains
relative to their susceptible counterparts (Fig. 4 bottom panel). We thus hypothesized that the
failure of resistant strains to cross country borders in our global dataset might simply reflect the
young age of these strains. Cross-country and cross-continental migration events as a function
of node age and the predicted phenotypic resistance of the strain occupying the node were thus
quantified. From Fig. 4 (middle panel) it is clear that cross-border migration was exceedingly
rare among descendants of nodes young enough to be resistance nodes, irrespective of suscepti-
bility profile. In fact, only a single node emerging within the age of antibiotics (post 1945) was
found to have descendants that had crossed country borders in our dataset. We thus conclude
that the young age of resistance-nodes, rather than decreased transmission-fitness explains the
lack of observed migration of these strains.
As a result of the clonal mode of M.tb replication (29), efficient adaptive evolution across
populations requires the parallel evolution of beneficial mutations. This is indeed the pattern we
observe both for adaptive mutations in the lactate metabolism gene lldD2 and, importantly, the
emergence of multidrug-resistance across the L4 phylogeny (Fig. 1). AMR emergence within
L4 tuberculosis reflects local adaptations to near-identical treatment schemes across diverse
geographic contexts. There is no doubt that resistant M.tb strains can cross country borders,
and has been observed e.g. in the case of resistant Lineage 2 isolates imported from Eastern to
Western Europe (30), but we demonstrate that migration has played a negligible role in shaping
global AMR patterns in L4. The geographic restriction of resistant strains is indeed striking,
and suggests that the challenge of AMR can still be tackled efficiently at the level of individual
11
nations. If, however, we fail to act swiftly using the best informed interventions available, this
picture might change rapidly.
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Figure 1: Sampling overview and phylogeography of the global L4 dataset. In the map, sampled
countries are colored by continent and sample sizes indicated. In the temporal phylogeny,
branches are colored to match the most likely geographic location inferred using BASTA. MDR-
clusters identified in the dataset are highlighted with black background shading. A large black
asterisk highlights the branch leading to the DS6Quebec clade, used to assess robustness of dating
analyses, whereas yellow dots indicate independent introductions of the KZN ancestor to South
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summarize sub-lineage distribution within each country. The Simpsons diversity index (1-D)
was calculated at the level of sub-species and the estimate indicated in the top of each county
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Rationale for restricting age of resistance nodes
We know of one report of M.tb AMR mutations having emerged before the age of antibiotics in
the case of pyrazinamide (31). Mutations yielding pyrazinamide resistance were not included
in the study as they are not covered by the MDR and XDR definitions. As an obligate and
largely intracellular parasite, the bacillus is generally shielded from antimicrobial compounds
produced by competing bacteria, and there is no doubt that AMR mutations overwhelmingly
emerged in the age of antibiotics. Allowing for resistance emergence prior to clinical use of
antibiotics clearly has the potential to cause artifactual results in the form of very early emer-
gence of common resistance mutations (e.g. rpoB S450L and katG S315T. We thus applied
the following rule when mapping AMR mutations to nodes in order to date their emergence:
Resistance emergence was not allowed to occur at nodes older than the year of discovery of the
drug - in such instances, the mutation was mapped to the next pair of descendant nodes.
Selection on lldD2 mutations
Our homoplasy scan identified a number of known antimicrobial resistance (AMR) genes among
the top-scoring hits (dataset S02). Strikingly, a high number of homoplasic sites were identified
in and immediately upstream of the lactate dehydrogenase gene lldD2. In fact, the parsimony
1
score of lldD2 was second only to embB (Dataset S02). Two non-synonymous mutations (V3I
and V253M) had emerged independently 32 and 43 times respectively, whereas five mutations
immediately upstream (likely in the promotor region, see dataset S3 for exact positions) had
emerged a total of 40 times. The lldD2 mutations were found to have emerged on all continents
(dataset S03), and started emerging well before the age of antibiotics (Figures S2 and S9), indi-
cating that lldD2 mutations did not emerge in response to drug-challenge.
M.tb is an obligate human parasite, and the lldD2 mutations thus most likely constitute adap-
tive response to global changes in host ecology, such as increased human population densities
or possibly changes in nutrition. A recent study demonstrated that lldD2 is important for M.tb
replication within human macrophages by enabling the bacillus to utilize lactate as a carbon
source (32). Even though the M.tb life cycle within humans is incompletely understood (33),
macrophages play an integral role, and mutations tuning the metabolism of the bacillus within
macrophages could thus be of major importance.
To test whether clones harboring lldD2 mutations tended to spread more efficiently than
their wildtype counterparts, we analyzed the transmissibility of clones with and without lldD2
mutations, using the number of descendants per unit time as a proxy for transmission fitness (34)
(Fig. S2 and supplementary materials and methods). The slope of the regression is clearly
steeper for clones harboring codon 3 and promoter mutations relative to the controls and those
harboring codon 253 mutations, indicating that these clones might be expanding more effi-
ciently. ANCOVA analysis (see supplementary materials and methods) indicated a positive
association between lldD2 promotor mutations and transmissibility. (F-test: p=0.038). The
lldD2 mutations tending to leave more descendants (promoter and V3I mutations) were also
found to have emerged more recently (the vast majority post 1900, See Figures S2 and S9),
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suggesting that they have evolved in response to recently emerged selective pressures.
Fig. S1 visualizes the all identified homoplasic sites as a function of gene-wise Watterson’s
θ and nucleotide diversity (pi).
Dating analyses in relation to earlier studies
Two earlier studies employing ancient DNA for temporal calibration estimated the TMRCA of
L4 to 330 BC - 761 CE (Bos et al.) (35) and 40 CE - 662 CE (Kay et al.) (36). The Bos et
al study focused on M.tb as a whole, and L4 rate estimates will thus be affected by the overall
estimated rate, when this is not constant across lineages. The ancient genomes published by
Kay et al. are in fact the same genomes we used for temporal calibration here. In this instance
there must be other reasons for the moderate deviation in estimated TMRCA. One possible
source of difference could be that we excluded one out of four genotypes due to low coverage.
As the mummy genomes are responsible for most of the temporal structure in our dataset,
excluding one genome could affect TMRCA estimates. Bos et al. estimated a substitution rate
for the Mycobacterium tuberculosis complex (MTBC) of 4.6× 10−8 substitutions per site per
year (95% HPD: 3.0× 10−8 to 6.2× 10−8), whereas Kay and colleagues estimated the rate
to 5.0× 10−8 (95% HPD: 4.1× 10−8 to 5.9× 10−8). Our estimated rate of 4.8× 10−8 (95%
HPD: 4.2× 10−8 - 5.4× 10−8) fall in the middle of these already very similar estimates.
Patient origins and phylogeographic inferences
Samples were assigned to geographic regions based on sampling location. However, a subset
of the patients are bound to be immigrants, of which some are likely to have acquired their
infection prior to their arrival in the country where the isolate was ultimately sampled. If such
instances are very common could potentially affect phylogeographic inferences. We thus ob-
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tained information on the country of origin of individual samples from Portugal, a central player
during the Age of Exploration and ensuing European colonial activities. Of 51 genomes from
Portugal included in the study, 28 of the sampled patients were of European origin, 26 of which
were Portuguese. Samples from two patients from the Cape Verde islands, formally part of
Africa, but uninhabited before the arrival of the Portuguese, were both embedded in clusters of
European isolates. Another six patients were originally from Angola (2), Brazil, Mozambique,
Sao Tome e Principe or Venezuela. For the remaining Portuguese samples the country of origin
of the patients were unknown. We were also able to obtain data on the country of origin of
Dutch patients. A total of 34 Dutch patients had a country of origin outside of the Netherlands.
This included 11 from other European countries including Turkey, 10 from Suriname, Aruba
and Brazil, two from Somalia, one from Indonesia and 14 from Morocco.
For the separate phylogeographic analyses of the RdRio clade, we uses the country of origin
as category, rather than country of isolation. The isolates were sorted into one of eight cat-
egories (name categories). Two genomes isolated in the Netherlands were of Spanish origin,
these were added together with Portuguese isolates in the Iberia category. Importantly, manual
inspection of the whole 1207-taxon L4 phylogeny revealed that none of the Dutch/Portuguese
isolates situated on particularly long branches or otherwise situated in a way that could poten-
tially contribute to any significant changes to the phylogeographic inference, were among those
isolated from patients with another country of origin.
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Sample collection
To aid population genomic and phylogeographic inferences, we aimed to include large and rep-
resentative sample collections covering the widest obtainable temporal and geographic range
for the study. We included L4 genomes from recent published studies from Argentina (37),
Canada (38), Congo-Brazzaville (39), Malawi (40), Netherlands (41), Portugal (42), Russia
(43), South Africa (44), Uganda (45), UK (43), USA (46) and Vietnam (47). To further improve
temporal structure and resolution we also included three genomes isolated from 18th century
Hungarian mummies (48) and genomes from Denmark sampled in the 1960s and 1990s (49).
In addition to published genomes, we include 627 previously unpublished genomes from the
Americas (Brazil, Peru, Argentina, USA and Canada). Sequencing libraries were prepared as
described previously (50) and sequenced on an Illumina platform. Inclusion criteria for indi-
vidual genomes were as follows: (1) The genome was annotated with a minimum of metadata
(sampling year and country of origin), or this information could be obtained from the published
articles or by correspondence with personnel involved in the sequencing efforts. (2) The genome
had to be L4, as verified by the program TB-profiler (51). Genomes that were determined to
be of mixed origin was also excluded (3) If a genome was determined to be a duplicate of an
already included isolate, it was not included. (4) All of the following quality control criteria had
to be met: (4a) When mapping reads against a H37Rv reference genome, a minimum genome
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coverage of 90% had to be reached. (4b) The average read depth across the reference had to
exceed 20. We allowed sequence data from different Illumina platforms and with different read
lengths. A total of 1,669 genomes passed all inclusion criteria (Dataset S01)
Samples from Argentina and from a study of an Inuit community in Quebec, Canada (38),
were mainly from outbreaks and thus harbored limited within-population diversity. In order to
control for the effect of densely sampled genomes on certain analyses, we additionally created
a down-sampled genome collection, where we allowed just five isolates from each of the Ar-
gentinian outbreaks (M and Ra) and ten from the outbreak in Quebec. These genomes were
randomly sampled from the full collection by a random number generator. In total, the down-
sampled isolate contained 1207 isolates, including the H37Rv reference and an L3 outgroup
isolate.
Variant calling
The snippy pipeline v3.1 (52–58) was used for variant calling. Briefly, this entailed mapping
reads against H37Rv with the BWA mem algorithm (v.0.7.15-r1110) and marking split hits as
secondary, then calling variants with samtools v1.3 and including only reads with a mapping
quality of 60 or higher. Variants were then filtered further using FreeBayes (v1.0.2) with a
ploidy of 1 and options to exclude (1) alleles if a supporting base quality is less than 20 or
the coverage less than 10, (2) alignments if the mapping quality is less than 60, and (3) alleles
if the fraction of reads in support of a SNP is not at least 90%. The binomial priors about
observation expectations were turned off. The program snpEff v4.1l was then used to annotate
SNPs, turning off downstream, upstream, intergenic and 5-prime and 3-prime UTR changes.
A whole-genome alignment of all genomes was then built using snippy-core, with a minimum
coverage depth of 10 to consider a region part of the core.
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The genome sequences from the Hungarian mummies were resolved in a different manner:
Sequence read archives from study PRJEB7454 (48) were mapped to H37Rv (59). A minimum
read length of 35bp and a minimum mapping quality 30 were imposed. Pilon was run with
the following parameters: – variant – mindepth 10 – minmq 30 – minqual 30 and the number
of reads found supporting each allele across all variant sites were manually inspected. Three
genotypes were inferred from two high coverage sequencing runs (ERR651000 - individual 68
and ERR651004 - individual 92). Genotypes were distinguished based on allele frequencies.
For individual 68, genotype 1 was deduced by alleles found between 55-65% and genotype
2 by alleles found between 35-45%. Variants at frequencies of ≥ 95% were consider fixed
between the mixed infecting strains. Variants segregating at other frequencies were treated
as ambiguous/missing data. For individual 92, we also found evidence indicative of a mixed
infection; however, we only felt confident with the major called genotype which comprised >
90% of reads. All variants at ≥ 95% were called. All other sequencing runs from the project
were of low coverage and excluded from the analyses.
We then used an in-house python script (available at:
https://github.com/admiralenola/globall4scripts) to exclude from the alignment SNPs matching
any of the following criteria: (1) Located in a known repetitive region (For example PE/PPE
genes, annotation file available at github repository), (2) The proportion of ambiguous calls at
the locus exceeded 1%, (3) The position was no longer polymorphic after pruning of outbreak
isolates (Only applied to the downsampled data set). The final alignment of SNPs consisted of
22,912 sites, with 9,313 of these being parsimony-informative.
Initial phylogenetic analysis
The program Modelfinder (60) as implemented in IQ-TREE was used to infer the optimal sub-
stitution model for our genome alignment. A maximum likelihood phylogenetic tree was then
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built using the program IQ-TREE v1.4.3 (61), applying the GTR model with 4 gamma cat-
egories for rate variation, ascertainment bias on, and 1000 ultrafast bootstrap replicates (62).
The L3 isolate SRR1188186 (Quebec, Canada) was used as an outgroup.
AMR gene mutations
Many M. tuberculosis AMR mutations are known, but the contribution to the resistance pheno-
type and penetrance remains unclear for a substantial fraction of variants. We therefore included
only high-likelihood AMR mutations relevant for the MDR and XDR definitions. All loci were
selected a priori for their perceived relevance and strength of association to antimicrobial resis-
tance. For INH we included the katG S315T mutation as well as any nonsense or frameshift mu-
tations in the gene plus the classical -15 and -8 inhA promoter mutations; For RIF we included
all non-synonymous mutations in the resistance-determining region (amino acids 426-450) of
rpoB; For Kanamycin/amikacin/capreomycin we included eis promoter mutations in position
-14, -12 and -10 (42, 63) as well as mutation in position 1401 of rrs; for fluoroquinolones we
restricted the analysis to a manually curated collection of high-likelihood mutations, namely
gyrB mutations leading to amino acid substitution at positions 461, 499-501 and 642 and gyrA
mutations resulting in amino acid substitutions at positions 88-94 and 288 (64,65).
Resistance-associated loci were extracted from the whole-genome alignment using EM-
BOSS v6.6.0.0 (66) using their H37Rv coordinates. The loci were translated to protein, and
sequences sorted by alleles. Mutations were manually annotated on the phylogenetic tree using
simple parsimony (e.g. an internal node was inferred to have allele A if all descendent nodes
had allele A.). The figure was drawn using ITOL (67).
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Population genomic inferences
Gene-wise estimates of nucleotide diversity (pi), Watterson’s theta (θ) and Tajima’s D were
computed for each gene by parsing the whole-genome alignment into genes using EMBOSS
(66) and using the python package Egglib (68) on individual gene alignments. Fst values were
also calculated using Egglib, specifying groups by (A) country and (B) sub-lineage as identified
by TB-profiler. Within each country, we calculated genomic pairwise Hamming distances using
the program snp-dists (69).
For each gene we additionally calculated the number of homoplasies and number of homo-
plasic sites using a Fitch downpass algorithm as implemented in Dendropy (70). Gene-wise
parsimony scores were calculated by identifying homoplasic mutations in each gene and sum-
ming the Fitch parsimony scores (i.e. the minimum number of independent emergences of each
mutation). To investigate potential alterations of fitness induced by the various mutations in and
immediately upstream of the lldD2 gene, we devised a metric for transmissibility associated
with each mutation a-kin to (47). First, homoplasies in this gene was categorized as being in
the promotor region, in codon 3 and in codon 253. All homoplasy emergences were mapped
to the respective branch in the full phylogenetic time tree. For each homoplasy we recorded
that subtree’s number of descendents, and number of deme transitions. The reasoning behind
this was that ancestors with homoplasic mutations increasing transmissibility should have more
descendents and more deme transitions per time than ancestors without these mutations. For
this latter control group, we randomly extracted subtrees of comparable height distribution to
those subtrees with promoter/codon 3/codon 253 mutations, and we labelled this control group
as ”none”. (That is, no homoplasic mutations in lldD2). Fig S2 shows a linear model between
subtree height and the number of sampled descendents by each mutation category. In order to
test whether these categories have different slopes, we used an ANCOVA procedure. First, a
simple null model was set up where the number of descendents are dependent on subtree height
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but not on the mutation category (including the ”none” group). An alternative model is that
the relationship between subtree height and the number of descendents vary between these four
different mutation categories. For each of these models we weighted the number of deme transi-
tions as (number of deme transmissions)2 + 1, i.e. no transitions got a weight of 1, one transition
got a weight of 2, and two transitions got a weight of 5. The ANCOVA analysis rejected the
null model, showing significant preference for the per-group model (F-test: p=0.038). Analysis
of individual height:group interaction terms showed that the coefficient for promotor mutations
were significantly different from zero, indicating a positive association between lldD2 promotor
mutations and transmissibility. Note that if the weighting by deme transitions is removed, the
ANCOVA analysis no longer significantly prefers the alternative model (F-test: p=0.114), and
there is no evidence for homoplasy group interaction with height and number of descendants.
Phylogenetic and Phylogeographic inference
In order to estimate substitution rates by means of sampling-date-calibrated Bayesian evolu-
tionary analyses (71), we downsampled the collection to a manageable size by including a
maximum of 20 randomly chosen isolates from each country. This resulted in a sample col-
lection of 269 genomes. Importantly, three ancient M. tuberculosis genomes from 18th century
hungarian mummies (48) as well as five Danish isolates from the 1960s (49) were included to
provide temporal structure to the data.
A total of 7,994 variable sites remained after selecting the 269 genomes. A preliminary
check using TempEst (72) confirmed a moderate but highly significant temporal signal in the
data (Fig .S4), which was also confirmed by tip-randomization (see below). A GTR substitution
model was chosen based on model testing as described above. Based on marginal likelihood
estimation (MLE), an exponential demographic model was found to best fit the data (tested
against the constant population size and GMRF skyride models (73)). Also based on MLE, an
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uncorrelated relaxed clock was favored over a strict clock model. Three independent BEAST
MCMC chains were run and convergence to a stationary posterior distribution was confirmed
both within and between chains. These analyses resulted in an estimated substitution rate of
4.84× 10−8 (95% HPD: 4.16× 10−8 - 5.44× 10−8) substitutions per site per year and an es-
timated time of the MRCA in 1096 CE (95% HPD: 955-1231). To assess the robustness of
the temporal inference, we performed 10 additional runs after randomization of the sampling
dates (74). None of the randomized runs had rate estimates overlapping with the inference using
real sampling dates (Fig. S3), supporting the robustness of the original inference.
We then ran a larger dataset (1,207 genomes, after retaining a maximum of five represen-
tatives from each of three densely sampled outbreaks from Argentina and ten from Quebec,
Canada) in Beast 1.8.4 (75) with a fixed substitution rate as estimated above. The MRCA of
this tree was inferred to have existed in the year 1157 (HPD intervals not reported due to our
application of a fixed rate in this analysis). The overall accuracy of the dating inferences in
Beast was further supported by independent analyses applying LSD v0.3 (76), resulting in an
estimated TMRCA in 1195 CE (95% HPD: 1061 - 1270) for the 1,207 genome dataset. The tree
generated for 1207 genomes in BEAST 1.8.4 was used as input tree for phylogeographic anal-
yses employing both the BASTA module in BEAST2 and simple discrete trait analyses (DTA)
as implemented in BEAST 1.8.4 (?).
In order to reduce computational complexity and increase post-analysis interpretability we
collapsed country of origin information into five distinct UN regions: North America (USA and
Canada), South America (Brazil, Argentina, and Peru), Africa (DRC, Malawi, South Africa and
Uganda), Europe (Denmark, the Netherlands, Hungary, Portugal, Russia, and UK) and South
East Asia (Vietnam).
In the discrete trait model (77), we used a GTR model, restricted the clock rate to 4.84× 10−8,
and set the starting tree as specified above. The population size prior was set as constant. A
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symmetric deme substitution model was used and we turned Bayesian stochastic search variable
selection on. Ancestral states were reconstructed at all nodes. Other priors were left at default
values. The chain was run for 10,000,000 generations with logging every 10,000th iteration,
and three such runs were combined to create the final posterior sample of trees and parame-
ters. We verified chain convergence and good mixing and an ESS > 200 for all parameters
using Tracer (78). A maximum clade credibility (MCC) tree was created using TreeAnnota-
tor (http://beast.community/treeannotator), with 20% of the chain discarded as burn-in. The
resulting tree displayed a European root with 92% posterior probability.
A separate phylogeographic reconstruction of the L4.3 RdRio family was also performed.
This was completed by manually extracting the RdRio sub-tree from the full time tree and then
setting up a new DTA run consisting of these 243 isolates alone. For this analysis we acquired
patient country of origin data for genomes from our Portuguese and Dutch collections, which
led to a changed country of origin for 13 genomes in this data set. To restrict the number
of possible demes of low/single sample size we collapsed countries into eight different geo-
graphic categories: Iberia (Portugal, Spain, Cape Verde), North Europe (UK, Russia, Bosnia,
Netherlands, Germany), Peru, Atlantic South America (Venezuela, Brazil, Aruba, Suriname),
Congo/Angola, Malawi/Mozambique, Uganda and South Africa. The population size prior was
set to 10,000. Other than this, the analysis was run with the same parameters as for the full
data set DTA analysis. The rationale for placing Cape Verde in the Iberia category is that Cape
Verde was uninhabited prior to Portuguese settlement in the 15th century.
As a complement to DTA, we used the BEAST2 module BASTA v2.3.1 (79) for phylogeo-
graphic inferences. We specified a migration model with the same five demes as above. The
initial values for deme transition rate was set to 1.0× 10−3 and sub-population to 6,000, these
numbers corresponding to the median outputs from DTA. The rate matrix and population size
priors were given log-normal prior distributions with M=-10 and S=2.0 and M=9.0 and S=0.6,
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respectively. Since it was not possible to place deme restrictions on internal nodes in BASTA,
we artificially introduced an isolate with branch length 1.0× 10−10 from the root, and the lo-
cation of this isolate was set to correspond to each of the five demes in different runs. The
results of these five runs were subsequently evaluated jointly. We ran each chain for 1,000,000
generations with storing set to every 1,000th iteration. We disabled all scaling operators except
the rate scaler, which was given a scale factor of 0.8 and a weight of 1.0, and the population
size scaler which was given a weight of 3 and a scale factor of 0.8 and degrees of freedom set
to 1 (Sub-population sizes effectively set to equal). Since we knew that most recent common
ancestor (MRCA) of all isolates existed roughly around the year 1100 CE, prior to European
colonization of the Americas, we discarded all trees with a root inferred to be from North or
South America. The parameter logs were inspected in the same way as described for DTA, and
an MCC tree made using TreeAnnotator v.2.4.5, with burn-in set to 20 % and node heights set
to median. All BEAST and BEAST2 runs were run locally or on the CIPRES science gate-
way (80).
Migration matrices (81) were constructed to visualize the overall patterns of migration in-
ferred by the two methods. Both methods inferred Europe to have played a pivotal role in
sourcing the rest of the world with TB (Fig. S5).
In order to study migration over time, conceptually mirroring the methodology used in (81),
we wrote an in-house script (available at https://github.com/admiralenola/globall4scripts) to
read the MCC tree from the BASTA runs using the ETE toolkit (82) and traversed the time
tree in a sliding window fashion, for each year writing out the number of branches correspond-
ing to the five different demes. In our analyses, migration events were set to occur on nodes,
but could in reality have occurred at any point along the branch downstream of this node. This
introduces a slight bias towards inflated ages of migration events, which is most pronounced for
very early migration events but negligible for later migrations due to extensive branching.
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Figure S1: Genome-wide assessment of homoplasic mutations, presented as gene-wise parsimony scores as a
function of θ and nucleotide diversity (pi).
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Figure S2: Node descendants as a function of node age for clones harboring different groups of lldD2 mutations.
For each group, a linear regression line including 95% confidence intervals was fitted to the data. Analysis of
variance between the four groups did not identify significance difference between them (p=0.08), but when the
number of country jumps was used to weight the observations, the slope of the groups were found to be significantly
different (p=0.04)
2
Figure S3: Tip-randomization results
3
Adjusted R : 0.1822
Figure S4: Root-to-tip analysis performed on a global down-sampled collection containing 269 genomes
4
Figure S5: Migration matrices inferred with DTA and BASTA visualized as heat maps.
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Figure S6: Inferred migration of L4 over time from Europe to North and South America, as well as within the
continents, employing BASTA.
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Peru_ERR779847_2009
Brazil_BRZ-274_2010
Malawi_ERR245690_2006
Vietnam_HCMC0292_2011
Russia_0030J_2008
Russia_0309M_2008
Vietnam_HCMC0316_2010
Denmark_ERR979072_1997
Canada_SKTB55_1987
Brazil_BRZ-73_2008
Peru_ERR751621_2012
Vietnam_HCMC0606_2010
Peru_ERR775351_2009
Brazil_BRZ-234_2009
Vietnam_HCMC0197_2011
Netherlands_NLA009900221_1998
Netherlands_NLA000500149_2005
Portugal_ERR275220_2009
Quebec_SRR1640566_2012
Hungary_Body92-1_1787
Brazil_BRZ-205_2008
Brazil_BRZ-243_2010
Congo_8148_2011
Canada_SKTB95_1999
Netherlands_NLA000000538_2000
Congo_8066_2011
Congo_8050_2011
Vietnam_HCMC0355_2010
Canada_SKTB100_1996
Russia_1190V_2009
Vietnam_HCMC0617_2010
Peru_ERR751619_2012
Brazil_BRZ-8_2004
Quebec_SRR1640321_1996
Russia_0842R_2009
Vietnam_HCMC0228_2011
Russia_0166G_2008
Brazil_BRZ-61_2007
Canada_SKTB115_1991
Netherlands_NLA009702330_1997
Brazil_BRZ-63_2007
Brazil_BRZ-157_2011
Congo_8147_2011
Canada_SKTB47_1999
Portugal_ERR275218_2010
Brazil_BRZ-152_2011
Denmark_ERR979071_1998
Vietnam_HCMC0751_2010
Congo_8102_2011
Canada_SKTB59_1993
Peru_ERR751351_2009
Brazil_BRZ-36_2006
Peru_ERR775336_2009
Brazil_BRZ-44_2006
Canada_SKTB5_2001
Brazil_BRZ-37_2006
Brazil_BRZ-26_2005
Peru_ERR751382_2009
Vietnam_HCMC0183_2011
Russia_0459A_2008
Congo_8169_2011
Congo_8139_2011
SouthAfrica_TKK-01-0015_2008
Canada_SKTB7_1992
Peru_ERR751476_2009
Vietnam_HCMC0948_2010
Brazil_BRZ-108_2010
Peru_ERR779868_2009
Brazil_BRZ-102_2010
Portugal_ERR275206_2010
Canada_SKTB35_1987
Peru_ERR779860_2009
Peru_ERR779854_2009
Brazil_BRZ-264_2009
Congo_8210_2011
Peru_ERR779870_2009
Brazil_BRZ-23_2004
Russia_0430T_2008
Vietnam_HCMC0900_2010
Russia_0507C_2008
Peru_ERR751564_2011
Netherlands_NLA000500166_2005
Congo_8044_2011
Portugal_ERR275217_2010
Brazil_BRZ-138_2011
Brazil_BRZ-132_2011
Peru_ERR779865_2009
Brazil_BRZ-21_2004
Netherlands_NLA000400960_2004
Uganda_A70547_2004
Russia_1616H_2009
Vietnam_HCMC0137_2011
Brazil_BRZ-100_2010
Vietnam_HCMC1322_2009
Peru_ERR751582_2011
SouthAfrica_KZN605_2005
Malawi_ERR245756_2000
Netherlands_N09900612_1999
Peru_ERR751444_2009
Netherlands_W09900339_1999
Vietnam_HCMC1202_2009
Peru_ERR775296_2009
Malawi_ERR245653_2004
Argentina_Ra10_2004
Brazil_BRZ-130_2011
Brazil_BRZ-166_2012
Congo_8101_2011
Brazil_BRZ-227_2009
Uganda_A70260_2005
Russia_0847X_2009
Peru_ERR779892_2009
Brazil_BRZ-145_2011
Malawi_ERR245686_2006
Peru_ERR751608_2012
Uganda_A70645_2005
Netherlands_R09402296_1994
Netherlands_NLA009800628_1998
Canada_SKTB68_2003
Peru_ERR779885_2009
Vietnam_HCMC1385_2009
Congo_8128_2011
Peru_ERR751387_2009
UK_06-02537-2_2006
Portugal_ERR275202_2009
Canada_SKTB110_1997
Vietnam_HCMC0671_2010
Brazil_BRZ-111_2010
Peru_ERR751359_2009
Brazil_BRZ-86_2008
Denmark_ERR979069_1994
Portugal_ERR275184_2008
Brazil_BRZ-146_2011
Vietnam_HCMC0469_2010
Canada_SKTB117_1998
Vietnam_HCMC0182_2011
Vietnam_HCMC0033_2011
Netherlands_NLA009401777_1994
Brazil_BRZ-141_2011
Argentina_Ra20_2005
Peru_ERR751562_2010
Vietnam_HCMC0377_2010
Brazil_BRZ-103_2010
Brazil_BRZ-212_2009
Peru_ERR751551_2010
Canada_SKTB84_2002
Russia_08-14300_2008
Uganda_A70376_2004
Netherlands_NLA009400034_1993
Peru_ERR751512_2009
Peru_ERR775331_2010
Peru_ERR775348_2009
Peru_ERR751633_2011
Netherlands_NLA009402203_1994
Brazil_BRZ-126_2011
Peru_ERR751468_2012
Brazil_BRZ-225_2009
Brazil_BRZ-19_2004
Peru_ERR751587_2011
Brazil_BRZ-123_2010
Peru_ERR751598_2012
Netherlands_K00700186_2007
Peru_ERR775305_2010
Brazil_BRZ-171_2012
Peru_ERR751554_2011
Vietnam_HCMC1635_2008
Malawi_ERR245706_2006
Russia_0548X_2008
Congo_8192_2011
Russia_1187R_2009
Netherlands_NLA009500613_1995
Brazil_BRZ-178_2008
Brazil_BRZ-239_2009
Vietnam_HCMC1181_2009
Netherlands_NLA009901139_1999
Vietnam_HCMC1243_2009
Vietnam_HCMC0552_2010
Peru_ERR751523_2009
Brazil_BRZ-235_2009
Vietnam_HCMC1019_2009
Peru_ERR751612_2011
Vietnam_HCMC0551_2010
Brazil_BRZ-95_2010
Vietnam_HCMC0579_2010
Netherlands_NLA009400328_1993
Malawi_ERR245683_2006
Vietnam_HCMC0478_2010
Brazil_BRZ-16_2004
Peru_ERR751402_2009
Brazil_BRZ-158_2011
Brazil_BRZ-286_2010
Peru_ERR751403_2009
Peru_ERR751592_2011
Canada_SKTB129_1988
Brazil_BRZ-233_2009
Vietnam_HCMC1353_2009
Brazil_BRZ-252_2010
Vietnam_HCMC0338_2010
Vietnam_HCMC0698_2010
Vietnam_HCMC1400_2009
Peru_ERR751561_2011
Brazil_BRZ-67_2007
Brazil_BRZ-300_2011
Malawi_ERR245752_2000
Portugal_ERR275208_2010
Congo_8069_2011
Vietnam_HCMC0376_2010
Netherlands_Q09802318_1998
Vietnam_HCMC0368_2010
Brazil_BRZ-236_2009
Peru_ERR779861_2009
Brazil_BRZ-291_2010
Brazil_BRZ-276_2011
Netherlands_NLA009400937_1994
Vietnam_HCMC0308_2010
Netherlands_O00200127_2001
Brazil_BRZ-77_2008
Peru_ERR775300_2009
Russia_0159Z_2008
Russia_1607Y_2009
Peru_ERR775299_2010
Congo_8017_2011
Brazil_BRZ-109_2010
Peru_ERR779873_2009
Congo_8100_2011
Brazil_BRZ-180_2008
Brazil_BRZ-196_2008
Peru_ERR751469_2012
Argentina_Ra1_2002
Peru_ERR775372_2011
Vietnam_HCMC0245_2011
Congo_8104_2011
Vietnam_HCMC1442_2009
Brazil_BRZ-29_2005
Canada_SKTB87_2000
Canada_SKTB28_1987
Malawi_ERR245744_1997
Malawi_ERR245743_1997
Portugal_ERR275225_1995
Vietnam_HCMC0644_2010
Vietnam_HCMC1386_2009
Brazil_BRZ-64_2007
Vietnam_HCMC0396_2010
Peru_ERR751423_2009
Peru_ERR751535_2009
Brazil_BRZ-58_2007
Netherlands_NLA009401337_1994
Netherlands_NLA009900434_1999
Vietnam_HCMC0771_2010
Netherlands_NLA000015898_1992
Brazil_BRZ-144_2011
Vietnam_HCMC1526_2009
Brazil_BRZ-260_2009
Brazil_BRZ-215_2009
Peru_ERR751424_2009
Brazil_BRZ-175_2012
Peru_ERR779898_2011
Netherlands_NLA000601066_2006
Peru_ERR779844_2009
Vietnam_HCMC0449_2010
Brazil_BRZ-133_2011
Peru_ERR751442_2009
Vietnam_HCMC0651_2010
UK_M0011153_2000
Portugal_ERR275209_2010
Vietnam_HCMC0723_2010
Russia_1472B_2009
US_C28-9319_1998
Quebec_SRR1188459_2012
Brazil_BRZ-268_2010
Brazil_BRZ-223_2009
Peru_ERR751511_2009
Brazil_BRZ-15_2004
Peru_ERR751538_2009
Vietnam_HCMC1363_2009
Netherlands_NLA009602061_1996
SouthAfrica_TKK-01-0042_2008
Canada_SKTB82_1996
Peru_ERR751626_2012
Malawi_ERR245649_2004
Netherlands_NLA009400374_1994
Russia_0479X_2008
Portugal_ERR275210_2010
Hungary_Body68-1_1797
Vietnam_HCMC0560_2010
US_H6-7420_1997
Brazil_BRZ-154_2011
Vietnam_HCMC0666_2010
Peru_ERR775365_2011
Brazil_BRZ-147_2011
Canada_SKTB70_1987
Brazil_BRZ-13_2004
Peru_ERR779871_2009
Vietnam_HCMC1354_2009
Quebec_SRR1188084_2012
Brazil_BRZ-202_2008
Vietnam_HCMC1279_2009
Uganda_A70011-6_2004
Brazil_BRZ-11_2004
Peru_ERR775316_2009
Russia_0945D_2009
Vietnam_HCMC1617_2008
Brazil_BRZ-134_2011
Brazil_BRZ-56_2007
Netherlands_NLA009700837_1997
Peru_ERR751487_2008
Peru_ERR751455_2012
Netherlands_NLA000401093_2004
Vietnam_HCMC0249_2011
Russia_0910Q_2009
Brazil_BRZ-220_2009
Peru_ERR779925_2011
Canada_SKTB81_1994
Vietnam_HCMC1081_2009
Uganda_A70555_2004
Netherlands_NLA009700898_1997
Congo_8215_2011
Vietnam_HCMC1294_2009
Brazil_BRZ-232_2009
Peru_ERR751368_2009
Brazil_BRZ-76_2008
Brazil_BRZ-57_2007
Canada_SKTB64_2002
UK_M0101321_2001
Peru_ERR775388_2012
Canada_SKTB91_2000
Vietnam_HCMC0729_2010
Peru_ERR751463_2012
Vietnam_HCMC0473_2010
Hungary_Body68-2_1797
Denmark_ERR979065_1961
SouthAfrica_TKK-01-0033_2008
Congo_8151_2011
Brazil_BRZ-182_2008
Canada_SKTB36_1989
Peru_ERR751596_2011
Brazil_BRZ-303_2011
Peru_ERR779895_2011
Canada_SKTB72_1996
Brazil_BRZ-18_2004
Congo_8052_2011
Peru_ERR751427_2009
Brazil_BRZ-226_2009
Quebec_SRR1640711_2013
Netherlands_Q09701888_1997
Peru_ERR779921_2011
Peru_ERR779880_2010
Brazil_BRZ-48_2006
Canada_SKTB105_2004
Brazil_BRZ-162_2011
Peru_ERR751565_2011
Brazil_BRZ-292_2010
Brazil_BRZ-230_2009
US_C24-20545_2005
Peru_ERR751616_2012
Brazil_BRZ-49_2006
Portugal_ERR275181_2008
Portugal_ERR275227_2008
Peru_ERR775357_2009
Vietnam_HCMC0082_2011
Russia_1636E_2009
Netherlands_J09701362_1997
Portugal_ERR275187_1998
Canada_SKTB37_1999
Malawi_ERR245664_2005
Netherlands_NLA000600351_2006
SouthAfrica_TKK-01-0085_2008
Netherlands_V09501561_1995
Netherlands_NLA009902308_1999
Netherlands_NLA009901829_1999
Vietnam_HCMC1516_2009
Vietnam_HCMC0928_2010
Brazil_BRZ-168_2012
Peru_ERR751417_2009
Peru_ERR775342_2009
SouthAfrica_TKK-01-0091_2008
Congo_8182_2011
Russia_1466V_2009
Vietnam_HCMC1487_2009
Russia_0838M_2009
Netherlands_NLA000200539_2002
Uganda_A70757_2005
Netherlands_NLA009900060_1998
Netherlands_N00400624_2004
Vietnam_HCMC1290_2009
Brazil_BRZ-159_2011
Uganda_A70596_2004
Canada_SKTB25_1993
Peru_ERR751578_2011
Vietnam_HCMC0203_2011
Portugal_ERR275200_2009
Brazil_BRZ-34_2006
Netherlands_NLA009800059_1997
Brazil_BRZ-273_2010
Peru_ERR751425_2009
Netherlands_NLA009900854_1999
Brazil_BRZ-204_2008
Vietnam_HCMC1059_2009
Canada_SKTB103_1993
Malawi_ERR245709_2006
Portugal_ERR275186_1998
Netherlands_NLA009401839_1994
Peru_ERR751571_2011
Brazil_BRZ-69_2007
Netherlands_NLA009600228_1995
Peru_ERR751508_2009
Brazil_BRZ-241_2010
Vietnam_HCMC0130_2011
Malawi_ERR245712_2006
Brazil_BRZ-84_2008
Brazil_BRZ-80_2008
SouthAfrica_TKK-04-0015_2013
Netherlands_NLA009701572_1997
Portugal_ERR275228_2003
Denmark_ERR979063_1961
Vietnam_HCMC0550_2010
Congo_8083_2011
Argentina_M153_2001
Vietnam_HCMC1007_2009
Brazil_BRZ-271_2010
Brazil_BRZ-113_2010
Congo_8178_2011
Russia_0373G_2008
Brazil_BRZ-181_2008
Netherlands_NLA009500720_1992
Netherlands_NLA009801359_1998
SouthAfrica_TKK-01-0040_2008
Canada_SKTB14_2001
Brazil_BRZ-119_2010
Portugal_ERR275192_2008
SouthAfrica_KZN4207_1995
Malawi_ERR245681_2005
Vietnam_HCMC0957_2010
Peru_ERR751459_2012
Vietnam_HCMC1050_2009
Brazil_BRZ-210_2008
Denmark_ERR979066_1961
Russia_0851B_2009
Brazil_BRZ-242_2010
Vietnam_HCMC0785_2010
Uganda_A70387_2003
Russia_0043Y_2008
Brazil_BRZ-285_2010
Peru_ERR775387_2011
Malawi_ERR245667_2001
Netherlands_NLA009701593_1997
Brazil_BRZ-199_2008
Russia_0437B_2008
Russia_0418F_2008
Denmark_ERR979067_1962
Congo_8119_2011
Vietnam_HCMC1450_2009
Netherlands_NLA000001728_2000
Brazil_BRZ-200_2008
Brazil_BRZ-137_2011
Russia_1470Z_2009
Brazil_BRZ-245_2010
Brazil_BRZ-2_2000
Portugal_ERR275214_2008
Vietnam_HCMC0220_2011
Netherlands_NLA009601315_1996
Netherlands_NLA009400880_1994
UK_05-04575_2005
Peru_ERR751617_2012
Congo_8194_2011
Peru_ERR751536_2009
Brazil_BRZ-191_2008
Peru_ERR751426_2009
Portugal_ERR275223_2009
Russia_0154T_2008
Malawi_ERR245731_2007
Malawi_ERR245658_2004
Vietnam_HCMC0404_2010
Peru_ERR751409_2009
Vietnam_HCMC0934_2009
Uganda_A70659_2005
Canada_SKTB98_1994
Peru_ERR779900_2010
Portugal_ERR275213_2006
Malawi_ERR245718_2005
Brazil_BRZ-62_2007
Vietnam_HCMC0673_2010
Netherlands_NLA009600750_1996
Netherlands_Z09600572_1996
Vietnam_HCMC1206_2009
Peru_ERR751450_2012
Peru_ERR751429_2009
Netherlands_NLA000002017_2000
Vietnam_HCMC0538_2010
Vietnam_HCMC0270_2010
Denmark_ERR979075_1992
Vietnam_HCMC0653_2010
Denmark_ERR979062_1961
Portugal_ERR275231_2009
Brazil_BRZ-135_2011
Vietnam_HCMC1324_2009
Netherlands_NLA000801080_2008
Netherlands_NLA000401166_2004
Vietnam_HCMC1603_2008
Brazil_BRZ-92_2010
Peru_ERR751375_2009
Brazil_BRZ-295_2010
Canada_SKTB73_1995
Brazil_BRZ-163_2012
Malawi_ERR245665_1999
Peru_ERR775371_2011
Peru_ERR775337_2009
Malawi_ERR245650_2004
Vietnam_HCMC1167_2009
Peru_ERR775338_2009
Vietnam_HCMC0669_2010
Russia_0113Z_2008
Vietnam_HCMC0431_2010
Brazil_BRZ-192_2008
Peru_ERR751585_2011
Brazil_BRZ-209_2008
SouthAfrica_KZN1435_1994
Peru_ERR751628_2012
Brazil_BRZ-228_2009
Peru_ERR751367_2009
Vietnam_HCMC0062_2011
Brazil_BRZ-244_2010
Peru_ERR751543_2011
Peru_ERR751362_2009
Peru_ERR751446_2011
Peru_ERR751607_2011
Brazil_BRZ-131_2011
Uganda_A70250_2003
Netherlands_NLA009701231_1997
Brazil_BRZ-267_2010
Peru_ERR775374_2007
Peru_ERR751593_2010
Brazil_BRZ-183_2008
Peru_ERR751573_2011
Peru_ERR751515_2009
Canada_SKTB108_1989
US_BE-10225_1999
Peru_ERR779912_2011
Vietnam_HCMC0028_2011
Brazil_BRZ-93_2010
UK_06-02537_2006
Netherlands_NLA009701563_1997
Peru_ERR779911_2011
Russia_0029H_2008
Netherlands_NLA009901478_1999
Uganda_A70329_2004
Uganda_A70480_2004
Netherlands_NLA000001761_2000
Peru_ERR751354_2009
Peru_ERR779897_2011
Brazil_BRZ-66_2007
Canada_SKTB126_1995
Russia_0555E_2008
Brazil_BRZ-297_2010
Vietnam_HCMC1618_2008
Brazil_BRZ-114_2010
Peru_ERR779877_2009
Peru_ERR775383_2007
Congo_8046_2011
Netherlands_NLA000301759_2003
Brazil_BRZ-31_2005
Peru_ERR751449_2011
Netherlands_NLA000600458_2006
Portugal_ERR275198_2009
Vietnam_HCMC1449_2009
Uganda_A70441_2004
Brazil_BRZ-177_2012
Vietnam_HCMC1458_2009
Canada_SKTB85_1989
Brazil_BRZ-201_2008
Netherlands_NLA009800554_1998
Peru_ERR775353_2009
Canada_SKTB83_1999
Portugal_ERR275193_2009
Vietnam_HCMC1495_2009
Vietnam_HCMC0701_2010
Russia_08-14553_2008
Netherlands_NLA000300818_2003
Brazil_BRZ-4_2003
Vietnam_HCMC0352_2011
Malawi_ERR245759_2000
Vietnam_HCMC1166_2009
Congo_8201_2011
Brazil_BRZ-221_2009
Peru_ERR751504_2008
Denmark_ERR979074_1999
Russia_0502X_2008
Peru_ERR779890_2009
Canada_SKTB44_2003
Brazil_BRZ-219_2009
Canada_Outgroup_L3
US_I-15762_2002
Peru_ERR751567_2011
Vietnam_HCMC0965_2010
Brazil_BRZ-261_2009
Brazil_BRZ-281_2011
Brazil_BRZ-14_2004
Vietnam_HCMC0299_2011
Netherlands_SH5-875_2007
Brazil_BRZ-129_2011
Vietnam_HCMC0257_2011
Vietnam_HCMC0102_2011
Vietnam_HCMC0238_2010
Peru_ERR775302_2009
Vietnam_HCMC0522_2010
Peru_ERR751629_2012
Peru_ERR751542_2011
SouthAfrica_TKK-02-0027_2013
Malawi_ERR245758_2000
Peru_ERR775360_2011
Brazil_BRZ-94_2010
Vietnam_HCMC1313_2009
Vietnam_HCMC0111_2011
Brazil_BRZ-101_2010
Peru_ERR775329_2010
Congo_8092_2011
Brazil_BRZ-248_2010
Brazil_BRZ-288_2010
Russia_1634C_2009
Russia_0221R_2008
Peru_ERR751357_2009
Brazil_BRZ-17_2004
Canada_SKTB67_1989
Malawi_ERR245737_2007
Peru_ERR751374_2009
Portugal_ERR275196_2009
UK_05-10091_2005
Peru_ERR775294_2010
Russia_0176S_2008
Vietnam_HCMC1130_2009
Malawi_ERR245738_2007
Netherlands_NLA009900565_1999
Vietnam_HCMC0860_2010
Peru_ERR775367_2011
Quebec_SRR1190477_2007
Brazil_BRZ-53_2007
Vietnam_HCMC0854_2010
Netherlands_R09801836_1998
Peru_ERR751568_2011
Malawi_ERR245693_2006
Congo_8206_2011
Netherlands_NLA009900809_1999
Brazil_BRZ-153_2011
Russia_0636S_2009
Brazil_BRZ-35_2006
Portugal_ERR275224_2009
Quebec_SRR1191546_2012
US_H6-10443_1999
Peru_ERR751485_2009
Peru_ERR751597_2012
Peru_ERR779867_2009
Brazil_BRZ-254_2010
Malawi_ERR245673_2005
Peru_ERR751572_2011
Brazil_BRZ-33_2005
Peru_ERR751355_2009
Brazil_BRZ-121_2010
Vietnam_HCMC1086_2009
Brazil_BRZ-115_2010
Vietnam_HCMC0908_2010
Vietnam_HCMC0408_2010
Peru_ERR775326_2009
Vietnam_HCMC1330_2009
Vietnam_HCMC0051_2011
Netherlands_NLA009601853_1996
Brazil_BRZ-83_2008
Uganda_A70012_2003
Russia_0344A_2008
Congo_8044-2_2011
Peru_ERR751474_2008
Denmark_ERR979070_1994
Vietnam_HCMC0483_2010
Brazil_BRZ-208_2008
Congo_8144_2011
Malawi_ERR245708_2006
Vietnam_HCMC0303_2010
Vietnam_HCMC1306_2009
Brazil_BRZ-38_2006
Brazil_BRZ-251_2010
Russia_0567S_2008
Peru_ERR751541_2011
Peru_ERR751507_2009
Brazil_BRZ-222_2009
Brazil_BRZ-160_2011
Peru_ERR751365_2008
Malawi_ERR245725_2007
Brazil_BRZ-265_2009
Brazil_BRZ-184_2008
Russia_0958S_2009
Congo_8165_2011
Peru_ERR751373_2009
Congo_8140_2011
Vietnam_HCMC0882_2010
US_C-10367_1999
Russia_0445K_2008
Brazil_BRZ-75_2008
Malawi_ERR245749_1999
Vietnam_HCMC0925_2010
Vietnam_HCMC0162_2011
Peru_ERR775345_2009
Canada_SKTB21_1995
Quebec_SRR1640335_1999
Peru_ERR775369_2011
US_H-13571_2001
Canada_SKTB43_2001
Russia_0351H_2008
Brazil_BRZ-41_2006
Canada_SKTB63_2002
Malawi_ERR245659_2004
Congo_8079_2011
Peru_ERR751547_2011
Brazil_BRZ-169_2012
Peru_ERR751595_2011
Brazil_BRZ-263_2009
Canada_SKTB89_1989
Congo_8011_2011
Brazil_BRZ-25_2005
Vietnam_HCMC1611_2009
Brazil_BRZ-6_2004
Brazil_BRZ-237_2009
Vietnam_HCMC0527_2010
Russia_0640X_2009
Brazil_BRZ-24_2004
Uganda_A70582_2004
Peru_ERR779855_2009
Congo_8114_2011
Russia_0219P_2008
Peru_ERR751480_2009
Russia_1604V_2009
Brazil_BRZ-28_2005
Congo_8126_2011
Peru_ERR751574_2011
Brazil_BRZ-122_2010
Vietnam_HCMC0714_2010
Peru_ERR751496_2008
Brazil_BRZ-272_2010
Brazil_BRZ-203_2008
Netherlands_NLA009500614_1995
Portugal_ERR275183_2008
Netherlands_NLA009901859_1999
UK_05-06342_2005
Congo_8108_2011
Portugal_ERR275229_2008
Portugal_ERR275212_2008
Brazil_BRZ-187_2008
Portugal_ERR275191_2008
Russia_0314S_2008
Netherlands_NLA009500081_1994
Brazil_BRZ-216_2009
Vietnam_HCMC0108_2011
Canada_SKTB66_2004
Congo_8112_2011
Russia_0473Q_2008
Peru_ERR751589_2011
Russia_0836K_2009
Canada_SKTB41_1995
Brazil_BRZ-79_2008
UK_M0312712_2003
Congo_8129_2011
Congo_8123_2011
Brazil_BRZ-87_2010
Russia_0939X_2009
Malawi_ERR245736_2007
Uganda_A70011-5_2004
SouthAfrica_TKK-01-0025_2008
Brazil_BRZ-301_2011
Peru_ERR751604_2012
Peru_ERR751456_2012
Peru_ERR751630_2012
Congo_8091_2011
Netherlands_N09901607_1999
Brazil_BRZ-275_2010
Vietnam_HCMC0441_2010
Brazil_BRZ-124_2010
Portugal_ERR275207_2010
Vietnam_HCMC0024_2011
Netherlands_NLA000015573_1992
Vietnam_HCMC0895_2010
Argentina_Ra26_2007
Brazil_BRZ-150_2011
Russia_0429S_2008
Peru_ERR751500_2008
Brazil_BRZ-81_2008
Russia_0101L_2008
Brazil_BRZ-104_2010
Brazil_BRZ-161_2011
Vietnam_HCMC1084_2009
Portugal_ERR275190_2008
Peru_ERR751394_2009
Brazil_BRZ-143_2011
Brazil_BRZ-256_2010
Brazil_BRZ-198_2008
Peru_ERR779858_2009
Brazil_BRZ-294_2010
Vietnam_HCMC0933_2009
Peru_ERR751530_2009
Netherlands_NLA009402043_1994
Vietnam_HCMC0591_2010
Brazil_BRZ-283_2010
Peru_ERR779907_2011
Vietnam_HCMC0104_2011
Vietnam_HCMC1185_2009
Malawi_ERR245729_2007
Netherlands_NLA000018020_1993
Malawi_ERR245666_1999
Peru_ERR751462_2012
Peru_ERR845937_2009
Russia_0472P_2008
Uganda_A70011-3_2003
Congo_8054-2_2011
Brazil_BRZ-82_2008
Brazil_BRZ-12_2004
Congo_8181_2011
Portugal_ERR275221_2011
Russia_1192X_2009
Portugal_ERR275219_2011
Vietnam_HCMC0153_2011
Peru_ERR751389_2009
Congo_8087_2011
Uganda_A70088_2004
Brazil_BRZ-27_2005
Peru_ERR751460_2012
Congo_8012_2011
Netherlands_NLA009601310_1996
Peru_ERR751401_2009
Peru_ERR779842_2009
Brazil_BRZ-52_2006
Vietnam_HCMC1250_2009
Russia_0028G_2008
Vietnam_HCMC0827_2010
Peru_ERR751372_2009
Brazil_BRZ-246_2010
Peru_ERR779902_2010
Brazil_BRZ-45_2006
Russia_0547W_2008
Canada_SKTB46_1990
Malawi_ERR245701_2005
Russia_0620A_2008
Brazil_BRZ-172_2012
Russia_0398J_2008
Peru_ERR751599_2011
Peru_ERR779887_2009
Peru_ERR751363_2009
Congo_8011-3_2011
Netherlands_NLA009900583_1999
Netherlands_NLA000300092_2002
Peru_ERR775332_2009
Peru_ERR751586_2011
Netherlands_NLA000200020_2001
Peru_ERR751563_2010
Netherlands_NLA009800745_1998
SouthAfrica_TKK-03-0089_2013
Vietnam_HCMC0014_2011
Netherlands_N00000064_1999
Peru_ERR751509_2009
Vietnam_HCMC1327_2009
Peru_ERR751614_2012
Brazil_BRZ-142_2011
Peru_ERR751581_2011
Portugal_ERR275211_2010
Uganda_A70620_2005
Netherlands_NLA009900422_1999
Netherlands_NLA009900137_1998
Peru_ERR751482_2009
Russia_0379N_2008
Vietnam_HCMC0333_2010
Peru_ERR779886_2010
Brazil_BRZ-107_2010
Argentina_M1876_2006
Netherlands_NLA000018412_1993
Brazil_BRZ-140_2011
Peru_ERR751498_2009
Portugal_ERR275185_1997
Argentina_Ra4_2001
Brazil_BRZ-88_2010
Brazil_BRZ-59_2007
Congo_8117_2011
Netherlands_NLA009500385_1995
Vietnam_HCMC1233_2009
Brazil_BRZ-174_2012
Russia_1617J_2009
Uganda_A70762_2005
Brazil_BRZ-280_2011
Brazil_BRZ-238_2009
Brazil_BRZ-270_2010
Vietnam_HCMC1553_2009
Vietnam_HCMC0155_2011
Russia_1456J_2009
Netherlands_NLA009400698_1994
Russia_1615G_2009
Vietnam_HCMC0553_2010
Brazil_BRZ-112_2010
Brazil_BRZ-72_2008
Peru_ERR751623_2012
Peru_ERR751549_2011
Brazil_BRZ-253_2010
Peru_ERR751439_2009
Peru_ERR751435_2009
Netherlands_NLA009900855_1999
Peru_ERR779909_2011
Malawi_ERR245714_2006
Vietnam_HCMC0776_2010
Congo_8058_2011
Vietnam_HCMC1280_2009
Netherlands_S00600143_2006
Congo_8032_2011
Vietnam_HCMC1437_2009
Peru_ERR751492_2009
Malawi_ERR245730_2007
Portugal_ERR275199_2009
Netherlands_NLA009900131_1998
Peru_ERR751556_2011
Malawi_ERR245711_2006
US_H55-24991_2009
Vietnam_HCMC0818_2011
Portugal_ERR275222_2011
Brazil_BRZ-110_2010
Congo_8123-2_2011
Vietnam_HCMC0126_2011
Portugal_ERR275203_2009
Portugal_ERR275189_2008
Vietnam_HCMC0271_2010
Canada_SKTB56_1995
Congo_8054_2011
Peru_ERR751609_2012
Peru_ERR751499_2009
Peru_ERR775311_2010
Brazil_BRZ-136_2011
Congo_8170_2011
Russia_1193Y_2009
Peru_ERR751399_2009
Peru_ERR779908_2011
Brazil_BRZ-249_2010
Peru_ERR751448_2012
Brazil_BRZ-293_2010
Vietnam_HCMC0217_2011
Uganda_A70730_2005
Netherlands_NLA009700920_1997
Vietnam_HCMC1075_2009
Brazil_BRZ-85_2008
Brazil_BRZ-218_2009
Peru_ERR775315_2009
Peru_ERR751415_2009
Vietnam_HCMC0918_2010
Peru_ERR779878_2009
Peru_ERR751548_2006
Portugal_ERR275234_2009
Brazil_BRZ-282_2011
Peru_ERR779875_2009
Vietnam_HCMC0969_2010
Peru_ERR775328_2009
Peru_ERR779915_2011
Peru_ERR779864_2009
Vietnam_HCMC0208_2011
Vietnam_HCMC0940_2010
Brazil_BRZ-91_2010
Peru_ERR751550_2011
Vietnam_HCMC1517_2009
Peru_ERR775330_2010
Brazil_BRZ-257_2010
Brazil_BRZ-5_2004
Congo_8092-2_2011
Brazil_BRZ-186_2008
Malawi_ERR245746_1997
Brazil_BRZ-269_2010
Vietnam_HCMC1407_2009
Russia_0544S_2008
Brazil_BRZ-90_2010
Brazil_BRZ-60_2007
Brazil_BRZ-214_2009
Vietnam_HCMC1301_2009
Russia_0448N_2008
Brazil_BRZ-46_2006
Brazil_BRZ-156_2011
Brazil_BRZ-65_2007
Peru_ERR751544_2011
Russia_0573Z_2008
Vietnam_HCMC1037_2009
Vietnam_HCMC1332_2009
Vietnam_HCMC1396_2009
Brazil_BRZ-40_2006
Uganda_A70011-2_2003
Peru_ERR751494_2009
Malawi_ERR245755_2000
Canada_SKTB60_1996
Vietnam_HCMC1368_2009
Malawi_ERR245750_1999
Vietnam_HCMC0437_2010
Peru_ERR751457_2012
Russia_0336R_2008
Peru_ERR775361_2011
Peru_ERR775317_2010
Vietnam_HCMC0988_2010
Vietnam_HCMC1217_2009
Malawi_ERR245661_2005
Denmark_ERR979068_1994
Portugal_ERR275230_2011
Peru_ERR751434_2010
Peru_ERR775358_2009
Russia_1613E_2009
Vietnam_HCMC1293_2009
Vietnam_HCMC1326_2009
Vietnam_HCMC0977_2009
Peru_ERR751501_2009
Brazil_BRZ-54_2007
Brazil_BRZ-30_2005
Brazil_BRZ-224_2009
Netherlands_NLA000201415_2002
Netherlands_NLA009600911_1996
Peru_ERR775293_2009
Brazil_BRZ-278_2011
Brazil_BRZ-68_2007
Canada_SKTB10_1997
Peru_ERR751570_2011
Peru_ERR751631_2011
Netherlands_R09401899_1994
Peru_ERR751489_2009
Vietnam_HCMC0652_2010
Brazil_BRZ-106_2010
Peru_ERR751528_2009
Peru_ERR775354_2009
Peru_ERR751477_2009
Vietnam_HCMC0968_2010
Brazil_BRZ-165_2012
US_KI-19771_2004
Brazil_BRZ-42_2006
Vietnam_HCMC0093_2011
Malawi_ERR245697_2006
Quebec_SRR1187082_2012
Brazil_BRZ-43_2006
Vietnam_HCMC0794_2010
Brazil_BRZ-120_2010
Peru_ERR751416_2009
Peru_ERR751553_2011
Peru_ERR775318_2010
Canada_SKTB39_1996
Peru_ERR751622_2012
Uganda_A70170_2003
Russia_08-14304_2008
Netherlands_NLA009601851_1996
Brazil_BRZ-279_2011
Netherlands_NLA009902073_1999
Netherlands_NLA009601926_1996
Vietnam_HCMC0076_2011
Malawi_ERR245719_2007
Portugal_ERR275197_2008
Netherlands_NLA009901557_1999
Brazil_BRZ-117_2010
Brazil_BRZ-50_2006
Peru_ERR779869_2009
Vietnam_HCMC1511_2009
Peru_ERR751400_2009
Peru_ERR751436_2009
Malawi_ERR245733_2007
Brazil_BRZ-151_2011
Peru_ERR751559_2011
Vietnam_HCMC0331_2010
Vietnam_HCMC0554_2010
Brazil_BRZ-206_2008
Peru_ERR751606_2011
Congo_8074_2011
Peru_ERR779922_2011
Peru_ERR751377_2009
Peru_ERR751524_2009
Vietnam_HCMC1414_2009
Vietnam_HCMC1289_2009
Peru_ERR751545_2011
Netherlands_NLA009901262_1999
Malawi_ERR245700_2005
Peru_ERR775340_2009
Argentina_M242_2002
Brazil_BRZ-229_2009
Congo_8088_2011
Vietnam_HCMC1005_2009
Brazil_BRZ-96_2010
Congo_8209_2011
Brazil_BRZ-51_2006
Brazil_BRZ-213_2009
Peru_ERR751437_2009
Brazil_BRZ-217_2009
Portugal_ERR275235_2009
Vietnam_HCMC1230_2009
Russia_0955P_2009
Brazil_BRZ-127_2011
Vietnam_HCMC1370_2009
Congo_8084_2011
US_AH26-26663_2010
Vietnam_HCMC0136_2011
Netherlands_NLA009701920_1997
Vietnam_HCMC1302_2009
Brazil_BRZ-98_2010
Peru_ERR751557_2011
Peru_ERR779850_2009
Peru_ERR779906_2009
Portugal_ERR275236_2008
Peru_ERR779917_2011
Peru_ERR751431_2009
Peru_ERR751406_2009
Peru_ERR779884_2009
Netherlands_NLA009400970_1994
Denmark_ERR979073_1999
Brazil_BRZ-116_2010
Uganda_A70785_2006
Brazil_BRZ-190_2008
Uganda_A70448_2004
Uganda_A70067-2_2004
Vietnam_HCMC1082_2009
Malawi_ERR245707_2005
Netherlands_NLA009400397_1994
Russia_0635R_2009
Brazil_BRZ-185_2008
Brazil_BRZ-289_2010
Peru_ERR751624_2012
Peru_ERR751513_2009
Russia_0845V_2009
Peru_ERR751569_2011
Brazil_BRZ-277_2011
Brazil_BRZ-20_2004
Malawi_ERR245745_1997
Brazil_BRZ-9_2004
Vietnam_HCMC1328_2009
Netherlands_NLA009900423_1999
Vietnam_HCMC1153_2009
Canada_SKTB74_2001
Peru_ERR751418_2009
Netherlands_NLA000401786_2004
Brazil_BRZ-155_2011
Netherlands_NLA009700140_1996
Brazil_BRZ-266_2010
Canada_SKTB49_1991
Vietnam_HCMC0575_2010
Portugal_ERR275233_2008
Congo_8142_2011
Malawi_ERR245724_2005
Congo_8138_2011
Peru_ERR751566_2011
Portugal_ERR275195_2009
Portugal_ERR275201_2009
Netherlands_NLA000102058_2001
Congo_8095_2011
Russia_0377L_2008
Argentina_MMDL02_1998
Peru_ERR751384_2009
Peru_ERR845941_2009
Vietnam_HCMC0521_2010
Uganda_A70661_2006
Vietnam_HCMC0694_2010
Brazil_BRZ-258_2010
Russia_0953M_2009
Peru_ERR751560_2011
Vietnam_HCMC1390_2009
Peru_ERR779874_2009
Vietnam_HCMC1146_2009
Vietnam_HCMC1210_2009
Netherlands_NLA009900442_1999
Netherlands_SH1-874_2007
Brazil_BRZ-298_2010
Brazil_BRZ-74_2008
Brazil_BRZ-197_2008
Quebec_SRR1187983_2011
Vietnam_HCMC0041_2011
[237.33,295.74]
[31.35,60.95]
[16,23.17]
[176.62,280.66]
[148.92,229.8]
[81.09,160.65]
[6.89,21.41]
[6.58,16.02]
[144.33,244.16]
[28.79,45.88]
[22.92,39.92]
[28.06,49.35]
[49.7,101.01]
[3.46,14.16]
[13.05,21.56]
[7.23,19.52]
[124.52,182.33]
[58.42,106.96]
[227.9,317.42]
[200.9,271.77]
[13.32,44.5]
[26.61,58.4]
[18.23,36.64]
[13.16,29.33]
[27.62,32.56]
[4.05,15.96]
[17.27,53.24]
[13.22,35.37]
[58.34,110.09]
[3.2,11.9]
[80.66,129.94]
[276.56,327.86]
[7.84,22.46]
[124.41,189.83]
[200.48,265.27]
[157.69,198.82]
[13.51,20.56]
[38.98,60.94]
[124.56,177.66]
[5.32,12.84]
[22.89,50.21]
[54.45,104.96]
[108.74,168.41]
[6.46,27.35]
[55.84,116.17]
[7.97,20.83]
[3,11.45]
[247.6,328.09]
[15.02,24.63]
[37.6,67.17]
[345.64,455.42]
[70.17,109.35]
[13.99,44.76]
[44.55,93.34]
[11.92,25.09]
[4.87,18.54]
[103.78,196.77]
[117.15,192.72]
[135.87,187.77]
[207.7,288.33]
[71.85,129.61]
[121.52,175.67]
[68.47,126.5]
[4,7.99]
[38.42,71.6]
[91.71,161.98]
[7,12.75]
[23.46,49.36]
[209.64,269.7]
[8.57,20.96]
[99.32,166.96]
[7,23.87]
[19.93,28.08]
[78.21,163.86]
[21.57,55.65]
[20,25.92]
[55.7,101.93]
[17.37,40.36]
[150.89,209.52]
[12.95,45.73]
[6.16,13.82]
[52,56.73]
[2,9.86]
[18.65,46.82]
[7.83,27.89]
[348.71,478.81]
[5.37,15.94]
[469.77,567.05]
[164.66,220.3]
[223.35,301.69]
[115.8,174.57]
[265.06,331.97]
[359.68,494.38]
[41.59,74.8]
[18,26.14]
[64.26,126.02]
[5.04,20.25]
[226.58,318.95]
[4.89,14.89]
[9.61,26.51]
[12.12,47.76]
[71.58,118.17]
[24.88,59.38]
[3,7.16]
[11.38,34.31]
[130.66,170.91]
[12.33,38.76]
[157.27,218.44]
[4.27,11.36]
[17.53,46.13]
[164.4,246.94]
[134,202.64]
[20.21,31.6]
[10.59,23.81]
[20.1,31.71]
[46,81]
[77.39,127.09]
[266.28,338.55]
[21,28.46]
[126.79,179.14]
[9.48,10.89]
[19,24.4]
[4,19.22]
[64.26,109.47]
[153.96,217.9]
[22.24,44.44]
[17,35.04]
[7.24,27.88]
[31.64,53.3]
[426.25,511.53]
[46.36,97.18]
[181.97,258.15]
[14,19.5]
[84.88,158.85]
[4.28,20.38]
[142.04,185.17]
[253.62,330.38]
[29.04,51.15]
[102.87,168.71]
[4.47,15.3]
[217.12,262.3]
[101.26,137.45]
[53.66,66.38]
[206.82,274.61]
[176.8,235.44]
[14.01,19.65]
[10.43,27.7]
[28.27,72.86]
[70.97,132.66]
[111.96,174.11]
[134.8,182.39]
[74.75,136.47]
[53.18,122.07]
[28.61,37.6]
[174.33,227.61]
[183.94,264.52]
[616.83,728.3]
[137.88,213.55]
[100.42,191.87]
[308.63,385.5]
[80.3,109.71]
[132.48,174.9]
[117.78,168.02]
[15.26,25.2]
[78.78,150.13]
[564.43,660.99]
[9.63,23.41]
[55.05,97.65]
[101.58,146.74]
[242.73,355.26]
[16.91,41.78]
[101.83,156.06]
[15.97,33.07]
[39.7,61.26]
[3.9,15.92]
[278.93,352.31]
[4,12.45]
[20.79,49.61]
[160.65,219.72]
[10.9,24.34]
[11.75,28.61]
[5.55,20.32]
[77.27,130.78]
[17.54,29.6]
[59.15,122.67]
[228.11,305.7]
[476.39,566.56]
[63.26,100.46]
[120.12,211.48]
[73.76,108.04]
[11.63,43.74]
[183.63,243.03]
[705.1,790.2]
[65.39,112.16]
[323.27,410.73]
[15,20.27]
[9.01,18.63]
[282.01,373.13]
[2.15,14.19]
[36.86,84.14]
[303.93,372.57]
[19.98,60]
[744.04,860.85]
[206.71,314.17]
[32.41,80.65]
[43.31,93.9]
[19.78,42.34]
[20.02,28.48]
[15.79,35.23]
[36.29,84.55]
[6.51,19.85]
[218.15,263.2]
[16,21.5]
[10.54,26.53]
[6,14.71]
[182.93,243.09]
[124.41,168.05]
[94.3,175.54]
[5.77,18.14]
[171.73,216.78]
[8.65,26.24]
[4.39,19.91]
[5.53,27.37]
[5.72,23.89]
[8.22,20.73]
[90.27,158.42]
[215.13,274.23]
[29.03,78.9]
[24,35.56]
[77.19,124.09]
[4.03,20.7]
[4.05,12.97]
[19.08,29.79]
[96.27,161.06]
[113.6,167.2]
[79.34,127.33]
[50.24,104.39]
[74.4,111.74]
[4.88,19.81]
[19.01,24.97]
[7.02,15.75]
[3.15,18.67]
[21.33,41.11]
[5.01,25.35]
[103.12,175.95]
[15.24,25.94]
[434.11,522.67]
[5.01,13.5]
[7.48,34.67]
[73.17,101.23]
[155.73,217.32]
[344.66,434.78]
[11,17.76]
[4,12.8]
[2.39,11.34]
[377.96,489.1]
[368.28,434.45]
[130.4,229.21]
[294.58,394.94]
[77.49,139.42]
[35.98,77.21]
[44.74,75.37]
[26.75,48.35]
[286.89,384.34]
[9.87,29.32]
[26.58,52.98]
[8.06,16.52]
[55.92,94.88]
[227.74,289.33]
[151.02,209.06]
[81.36,139.39]
[14.81,44.29]
[3.77,16.63]
[2.41,12.97]
[19.48,46.01]
[19,25.27]
[21.05,33.95]
[4.69,15.08]
[167.94,208.55]
[8.04,21. 5]
[223.45,286.87]
[5.52,23.98]
[274.55,319.26]
[179.09,230.16]
[145.2,207.15]
[19.93,53.18]
[19.56,32.98]
[18.01,27.86]
[65.6,101.83]
[4.02,10.67]
[40.98,81.41]
[21.41,46.33]
[148.42,208.63]
[17.39,45.35]
[64.93,102.11]
[11,18.19]
[120.19,175.88]
[196.61,244.16]
[6.68,25.78]
[11.88,33.34]
[9.36,18.86]
[451.23,524.88]
[5.22,18.87]
[130.25,172.56]
[159.12,225.73]
[2,10.68]
[5,11.97]
[22.89,47.85]
[23.82,48.5]
[594.88,689.03]
[81.23,123.09]
[90.62,152.17]
[170.33,231.29]
[313.82,418.68]
[147.47,224.86]
[142.51,208.47]
[277.07,342.62]
[13.47,35.03]
[4,11.09]
[77.66,146.69]
[724.11,810.94]
[8.28,17.21]
[25.29,42.28]
[29.22,52.51]
[42.46,62.23]
[65.84,102.13]
[226.41,289.32]
[241.74,319.65]
[14,19.47]
[2.78,16.24]
[48.92,116.09]
[19.25,26.04]
[7.02,15.25]
[18.62,32.77]
[12.05,29.7]
[18.76,38.67]
[157.17,261.32]
[12.24,27.55]
[15.92,32.89]
[9.72,19.94]
[216.22,292.45]
[329.34,444.23]
[9.54,29.61]
[204.22,248.08]
[16,23.88]
[7.83,23.38]
[110.14,157.09]
[3.01,11.19]
[170.45,221.99]
[5.21,16.29]
[11.58,27.72]
[75.54,131.49]
[92.03,148.96]
[26.72,51.18]
[144.85,185.97]
[71.31,117.1]
[2.72,15.47]
[62.98,110.64]
[234.43,291.24]
[194.47,267.83]
[268.58,308.86]
[10.09,26.24]
[20.63,33.5]
[20,27.62]
[15.81,33.6]
[65.07,122.2]
[127.97,204.74]
[7.56,22.6]
[4.65,16.16]
[52,60.87]
[24.97,53.67]
[106.09,137.03]
[3,10.31]
[92.49,131.05]
[2,6.91]
[216.29,276.67]
[68.11,117.8]
[17.98,50.19]
[60.8,105.19]
[128.9,176.43]
[26.61,58.75]
[594.5,686.16]
[10.03,27.66]
[120.01,163.94]
[23.77,44.57]
[36.3,82.08]
[27.95,39.39]
[11.01,21.07]
[21.04,39.04]
[150.87,207.06] [6.2,26.45]
[212.44,367.34]
[161.71,215.75]
[227.98,325.29]
[201.46,252.94]
[172.15,253.6]
[20.33,30.67]
[80.48,127.6]
[16.13,29.5]
[8.9,27.03]
[58.02,101.65]
[156.14,211.77]
[138.93,198.98]
[39.15,92.43]
[22.33,43.15]
[14.63,33.63]
[35.95,72.53]
[6.91,23.36]
[176.52,318.41]
[174.12,277.43]
[141.52,210.03]
[9.84,21.22]
[3,8.09]
[213.53,316.4]
[257.27,334.55]
[29.14,31.23]
[60.92,96.23]
[84.99,161.59]
[195.4,246.46]
[83.22,151.46]
[188.62,253.33]
[143.26,210.48]
[126.57,203.23]
[72.74,120.17]
[5.03,17.22]
[20.27,52.44]
[58.31,117.38]
[20.62,41.36]
[18.13,36.23]
[113.41,186.83]
[15.05,49.13]
[4,9.3]
[17.69,35.24]
[46.96,73.04]
[2.01,10.15]
[193.2,298.74]
[66.34,116.85]
[7.47,21.05]
[148.81,249.94]
[8.85,26.36]
[10.11,25.56]
[215.32,308.21]
[102.38,162.72]
[14.71,30.84]
[451.42,556.28]
[17.14,46.41]
[99.97,154.04]
[31.12,47.78]
[149.94,218.11]
[174.41,234.19]
[13.16,39.81]
[21.61,47.02]
[196.04,246.81]
[79.28,153.15]
[224.04,316.91]
[9,16.87]
[28,48.09]
[183.82,236.69]
[28.94,73.76]
[8.12,29.11]
[88.79,139.84]
[5.39,12.22]
[165.41,241.43]
[197.85,289.53]
[4.41,23.08]
[5,9.94]
[8,17.99]
[137.87,188.88]
[147.79,213.24]
[221.36,286.89]
[231.12,314.73]
[737.09,820.35]
[312.24,418.96]
[189.99,250.23]
[5.67,21.41]
[582.85,703.55]
[18.99,35.95]
[174.18,237.77]
[16.16,27.71]
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Figure S8: Full temporal phylogeny of L4 including node age 95% HPD intervals.
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Figure S9: Histogram summarizing the emergence of lldD2 mutations over time. As a reference, a control is
included containing nodes where such mutations did not emerge. Analysis of individual height:group interaction
terms showed that the coefficient for promotor mutations were significantly different from zero, indicating a positive
association between lldD2 promotor mutations and transmissibility. Note that if the weighting by deme transitions
is removed, the ANCOVA analysis no longer identifies any significant differences between the groups (F-test:
p=0.114)
.
9
